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Maternal Sodium Intake Does Not Affect Postprandial
Sodium Concentrations in Human Milk
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ABSTRACT Sodium concentration in human milk is known to vary diurnallyand throughout lactation. To investigate potential
postprandial variation, eight exclusively breast-feeding mothers of infants 10-19 wk of age were visited on two different days
after a 3-h fast. On one day, they were fed a low sodium lunch (130 mg), and on the other, the same lunch with a high sodium
content (2175 mg). Milk samples were collected before each lunch and breasts were emptied with an electric pump. After lunch,
samples were collected from each breast every 15 min for 2 h. No significant postprandial variation was found in mean sodium
or potassium concentrations, nor were significant differences found in sodium or potassium values after the high sodium or the
low sodium lunch. We conclude that there is no significant influence of maternal sodium intake on postprandial milk sodium or
potassium concentrations. J. Nutr. 117: 1154-1157, 1987.
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Of all the minerals in human milk, the concentration
of sodium is the most variable, fluctuating as much as
10-fold during normal full lactation (1). Milk sodium

concentration is known to vary diurnally (2) and
throughout lactation (1,3,4). Although some of the ex
treme variations in sodium may be due to elevated
sodium during subclinical mastitis (5,6) and involution
of the mammary gland accompanying weaning (7-9),
much of the "normal" variability is unexplained.

Breast-feeding mothers commonly assume that a high

salt diet will influence sodium levels in their milk.
However, the influence of maternal sodium intake on
milk sodium has not been fully investigated. In 1943,
researchers demonstrated that radioactive sodium added
to orange juice and consumed by lactating women was
present in their milk within 20 min, with maximal
levels within 2 h (10). Much later, De Filippi, Kaanders
and Hof man (11) investigated the effects of reduced
maternal salt intake during a 5-d period among 13 sub
jects. Mid-feed breast milk samples were taken three

times a day, but no mention was made of the timing
of sample collection relative to meals. They found no
difference in the mean sodium concentration of breast
milk between the low salt and control groups, despite
a significantly lower salt intake and reduced urinary
sodium excretion in the low salt group. Similar results
were reported by Keenan et al. (2) on the basis of a study

of six women who consumed a low sodium diet for
2 d. Again, timing of sample collection did not account
for timing of meals. Neither study investigated the in
fluence of increasing maternal sodium intake above
customary intakes.

Because plasma sodium concentration is rapidly reg
ulated via hormonal and osmotic mechanisms (12), it
is possible that any effect of maternal diet on milk
sodium would be transitory. Thus, collection of milk
samples some time after a meal may show no relation
ship to sodium content of the meal. The present study
was designed to determine whether there is any post
prandial variation in milk sodium concentration after
a low sodium or a high sodium meal.

METHODS

Sample. Subjects for the study were eight healthy,
exclusively breast-feeding mothers. The mean age of
the women was 29.6 yr, ranging from 28 to 33. Six of
the eight customarily restricted their salt intake by not
using salt at the table or while cooking. Infants ranged
from 10 to 19 wk of age, with a mean of 14 wk. Subjects
gave their informed consent to the procedures involved
in the study, the protocol for which was approved by
the Human Subjects Review Committee at the Uni
versity of California, Davis.
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Data collection. Each subject was visited twice in
the home. At one visit, a low sodium lunch was pro
vided, and at the other, a high sodium version of the
same lunch was given. The order in which the two
meals were given was randomized. Table 1 shows the
composition of both lunches. The high sodium lunch
provided 2.18 g sodium, which is similar to the average
total nondiscretionary daily sodium intake among
women 25-34 yr of age in the U.S. population (14). If
the lunch is estimated to represent one-third of total
daily sodium intake, this would correspond to 6.5 g
sodium/d. On the assumption that discretionary so
dium intake in the U.S. population is approximately 2
g/d (12), this intake would be similar to the 95th per-
centile of sodium intake among women 25-34 yr of
age (14).

Each mother was asked ahead of time to store enough
expressed breast milk in the freezer to feed the infant
if necessary during the 2-h study. Mothers were asked
not to eat or drink anything for at least 3 h prior to the
visit.

Upon our arrival, the mother nursed the infant and
a 10-mL mid-feed milk sample was collected from each
breast. Any remaining milk after nursing was expressed
with an electric pump. Lunch was given immediately
after all milk was removed. After the lunch, breasts
were rinsed with distilled water, and a 5-mL milk sam
ple was collected from each breast every 15 min for
2 h, either manually or with an electric breast pump.
After the 2-h period, any remaining milk was expressed
with the electric pump to determine whether the rate
of removal had approximated each mother's rate of pro
duction. Milk samples were expressed directly into acid-
rinsed vials or pump bottles to avoid contamination.
All samples were refrigerated and later frozen at - 20Â°C

until analyzed. Milk samples were digested with nitric
acid, ashed and analyzed for sodium and potassium by
flame atomic absorption spectrophotometry (IL151, In-

TABLE1
Composition of lunches'

IngredientsEnergy,

kcalCHO,gProtein,

gFat,
gNa,
mgK,
mgMg,
mgZn,
mgFe,
mgCa,

mgLowNa73965.529.739.8131.6667.273.81.864.55634.1High

Na73464.929.339.72177842.572.51.864.18614.5

'Based on values reported in Pennington and Church (13), with

additional information on sodium content derived from food labels.

strumentation Laboratory, Wilmington, MA) by use of
the emission mode.

Data analysis. One subject had great difficulty ex
pressing milk samples, and required the infant to suc
kle in order to collect milk. She was therefore subse
quently deleted from the analysis of data. Data were
analyzed by comparing both the absolute values for
milk sodium and potassium concentration after each
lunch, and the same values expressed as a percentage
of prelunch concentrations. Because comparison of milk
samples from left and right breasts revealed no abnor
mal values indicative of subclinical mastitis, data from
both breasts were averaged for the presentation of re
sults. Weighted quadratic regression was used to de
termine whether there were any significant postpran
dial changes in absolute sodium or potassium
concentrations. Because no postprandial trends were
evident, simple paired Ã®-testsat each time interval were
used to compare high sodium and low sodium lunch
concentrations of sodium and potassium (as percent
ages of prelunch values).

RESULTS

For most subjects, the rate of removal of milk ap
proximated the rate of milk production, judging by the
amount of milk that could be removed by pumping
after the 2-h period of sequential milk sampling. In a
few cases (1 or 2 subjects), more than 15 mL was col
lected from one breast after the 2-h period. The rate of
removal of milk in this experiment (20mL/h per breast)
was similar to the rate of production reported by Ne
ville et al. (15).

Figure1 illustrates the variations in milk sodium and
potassium concentrations after the low and high so
dium meals. Sodium concentrations ranged from about
2 to 6 mM, whereas potassium ranged from about 9 to
14 HIM.No significant postprandial variations in mean
sodium or potassium concentrations were found after
either meal. When sodium and potassium concentra
tions are expressed as a percentage of prelunch values
(Table 2), no statistically significant differences were
found between values after the low sodium or the high
sodium lunch.

DISCUSSION

No significant postprandial variation in concentra
tions of breast milk sodium or potassium was found in
this study. Although there is a diurnal pattern in milk
sodium and potassium concentrations (2), this is ap
parently not related to meals. Keenan, Buzek and Garza
(16)have demonstrated that the diurnal pattern of milk
cortisol concentration is reciprocal to that of sodium
but of a form similar to that of potassium,- these authors
have suggested that cortisol may regulate milk elee-
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FIGURE 1 Sodium and potassium concentrations of milk from each subject after the low Na and the high Na meals.

trolytes by enhancing the effect of prolactin on sodium-
potassium exchange in the mammary epithelium.
Changes in the plasma levels of cortisol and prolactin
during the day may therefore explain some of the var
iability of milk sodium concentrations, although the
reason for greater variability in sodium than in potas
sium in milk remains unclear.

Information on postprandial variation of most other
nutrients in breast milk is lacking. Using the same milk

samples collected in the present study, Donovan, Dewey
and LÃ¶nnerdal (17) found postprandial fluctuations in
some of the nonprotein nitrogen components such as
urea. Styslinger and Kirksey (18) have shown that the
vitamin B-6 level in milk increases rapidly after admin
istration of an oral supplement of vitamin B-6, reaching
a peak at 4 h after the supplement is taken. In contrast,
vitamin C levels in milk do not respond to maternal
intake of vitamin C supplements (19), suggesting a reg-

TABLE 2

Milk Na and K concentrations as a percentage of prelunch values

Prelunch

Minutes

15 30 45 60 75 90 105 120

NaKMean %SDMean

%SI)100â€”100â€”97.98.499.36.0Low99.08.098.13.7No

Lunch(n-96.411.596.56.2"7}94.813.996.19.2100.010.799.46.797.811.195.94.494.88.797.23.793.611.698.06.6

High No Lunch (n = 7)
Na Mean% 100 98.0 100.0 106.9 104.0 106.8 101.4 95.8 100.1

so 16.4 21.4 20.3 19.7 19.6 17.4 21.2 20.1
K Mean% 100 103.1 101.5 102.0 101.6 97.8 98.3 98.6 98.9

so â€” 6.5 6.5 7.8 4.0 6.3 10.3 7.5 8.7
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ulatory mechanism for this nutrient within the mam
mary gland. Thus, it appears that the components of
human milk can be categorized by the degree to which
they reflect postprandial fluctuations, and that this
knowledge may be useful in understanding regulation
of the physiological activity of the mammary gland.

Even though the subjects in our study were generally
accustomed to a low salt diet, the high sodium lunch
had no significant effect on milk sodium levels post-

prandially. These results are consistent with the scheme
proposed by Peaker (20) for transport of sodium and
potassium into and out of the secretory cells of the
mammary gland. They hypothesize that intracellular
sodium levels are kept low via a sodium pump on the
basolateral cell membrane. Such a mechanism would
regulate sodium concentrations in milk even if plasma
sodium levels were elevated. Considering our results
along with those of previous investigations (2,11), we
conclude that there is no significant influence of ma
ternal sodium intake on breast milk sodium or potas
sium concentration. Thus, future research on human
milk sodium and potassium content need not account
for variations in maternal sodium intake.

LITERATURECITED

1. DEWEY,K. G. & LÃ–NNERDAL,B. (1983) Milk and nutrient in
take of breast-fed infants from 1 to 6 months: relation to growth
and fatness. /. Pediatr. Gastroenterol. Nutr. 1: 497-506.

2. KEENAN,B. S., BUZEK,S. W., GARZA,C., POTTS,E. & NICHOLS,B. L.
(1982) Diurnal and longitudinal variations in human milk so
dium and potassium: implication for nutrition and physiology.
Am. Â¡.Clin. Ã‘utÃ­.35: 527-534.

3. GÃœNTHER,M., HAWKINS,D. F. & WHYLEY,G. A. (1965) Some
observations on the sodium and potassium content of human
milk. /. Obstet. Gynaecol. Br. Commonw. 72: 69-74.

4. ATKINSON,S. A., RADDE,I. C, CHANCE,G. W., BRYAN,W. H. &
ANDERSON,G. H. (1980) Macro-mineral content of milk ob
tained during early lactation from mothers of premature infants.
Early Hum. Dev. 4: 5-14.

5. CONNER,A. E. (1979) Elevated levels of sodium and chloride
m milk from mastitic breast. Pediatrics 63: 910-911.

6. RAMADAN,M. A., SALAH,M. M. & EID, S. Z. (1972) The effect
of breast infection on the composition of human milk. /. Reprod.
Med. 9: 84-87.

7. DEWEY,K. G., FINLEY,D. A. & LÃ–NNERDAL,B. (1984) Breast
milk volume and composition during late lactation (7-20 months).
/. Pediatr. Gastroenterol. Nutr. 3: 713-720.

8. GARZA, C., JOHNSON,C. A., SMITH, E. O. & NICHOLS,B. L.
(1983) Changes in the nutrient composition of human milk
during gradual weaning. Am. /. Clin. Nutr. 37: 61-65.

9. HARTMANN,P. E., &. KULSKI,I. K. (1978) Changes in the com
position of the mammary secretion of women after abrupt ter
mination of breast feeding. /. Physiol. [London] 275: 1-11.

10. POMMERENKE,W. T. & HAHN, P. F. (1943) Secretion of radio
active sodium in human milk. Proc. Soc. Exp. Biol. Med. 52:
223-224.

11. DEFILIPPI,J. P., KAANDERS,H. &HOFMAN,A. (1981) Sodium in
diet and milk of breast feeding women. Acta Paediatr. Scand.
70: 417-418.

12. FREGLY,M. J. (1981 ) Sodium and potassium. Annu. Rev. Nutr.
1: 69-93.

13. PENNINCTON,I. A. T. & CHURCH,H. N. (1980) Food Values of
Portions Commonly Used, 13th ed., Harper and Row, New York.

14. NATIONALCENTERFORHEALTHSTATISTICS(1983) Dietary in
take source data: United States, 1976-80. Vital and Health Sta
tistics, Series 11, No. 231, U.S. Department of Health and Human
Services, Washington, DC.

15. NEVILLE,M. C., HAY, W. W., LUTES, V. & COUGHLIN, L.
(1986) Glucose clamp studies in lactating women: effects of
glucose and insulin on milk glucose and lactose secretion. Fed.
Proc. 45: 901 (abs. 4341).

16. KEENAN,B. S., BUZEK,S. W. & GARZA,C. (1983) Cortisol and
its possible role in regulation of sodium and potassium in human
milk. Am. /. Physiol. 244: E253-E261.

17. DONOVAN,S. M., DEWEY,K. G. & LÃ–NNERDAL,B. (1986) Post
prandial changes in the non-protein nitrogen content and com
position of mature human milk. Fed. Proc. 45: 816 (abs.).

18. STYSLINGER,L. & KIRKSEY,A. (1985) Effects of different levels
of vitamin B-6 supplementation on vitamin B-6 concentrations
in human milk and vitamin B-6 intakes of breast-fed infants.
Am. ]. Clin. Nutr. 41: 21-31.

19. BYERLEY,L. O. & KIRKSEY,A. (1983) Effects of different levels
of vitamin C intake on the vitamin C concentration in human
milk and the vitamin C intakes of breast-fed infants. Am, f. Clin.
Nutr. 41: 665-671.

20. PEAKER,M. (1983) Secretion of ions and water. In: Biochem
istry of Lactation (Mepham, T. B., Ã©d.),pp. 285-305, Elsevier,

New York.


